This study examined the role of dopamine (DA) in partner preference (PP) formation in female prairie voles (Microtus ochrogaster). The nonspecific DA antagonist haloperidol blocked mating-induced PP, whereas the nonspecific DA agonist apomorphine induced PP without mating. The D2 antagonist eticlopride, but not the Dl antagonist SCH23390, blocked PP, whereas the D2 agonist quinpirole, but not the Dl agonist SKF38393, induced PP without mating. Injections of eticlopride before or immediately after mating, but not 24 hr after mating, impaired PP, indicating that DA's effects were not due to an interference with mating or sensory recognition. Finally, intracerebroventricular injections of eticlopride diminished PP. Together, these data suggest that mating-induced PP requires activation of D2 receptors and that social experience may activate dopaminergic pathways, with enduring effects on behavior.
Recent studies have begun to explore the neural mechanisms underlying complex social behaviors such as pair bonding (Young, Wang, & Insel, 1997) . Pair bonds are long-term, selective social attachments that are characteristic of social organization in human and other primate societies. Pair bonds can also be studied in monogamous, nonprimate species. Monogamous mammals, by definition, form long-term, selective attachments. Several recent studies have demonstrated that pair bond formation can be operationally defined and rigorously measured in the laboratory. One of the earliest and most important measures of the pair bond is the formation of a partner preference, a simple test of whether the individual chooses to affiliate with a partner more than a stranger (Carter & Getz, 1993) . In a laboratory setting, partner preference formation can serve as a quantifiable indication of pair bonding (Insel, Preston, & Winslow, 1995) .
The prairie vole (Microtus ochrogaster) is a monogamous rodent that in the field forms long-term bonds (Getz, Carter, & Gavish, 1981; Getz & Hofmann, 1986) and in the laboratory mates preferentially with one partner (Dewsbury, 1987) . After mating, males and females share a nest, remain together during gestation, and exhibit biparental care throughout lactation (McGuire & Novak, 1984; Oliveras & Novak, 1986) . Mating also induces a partner preference in both male and female prairie voles. The development of a partner preference is dependent upon mating because exposure to a conspecific without mating fails to induce this behavior Williams, Catania, & Carter, 1992; Winslow, Hastings, Carter, Harbaugh, & Insel, 1993) . In female prairie voles, long-time cohabitation with a male also induces a partner preference (Williams, Catania, & Carter, 1992) . Mating-induced partner preference appears to be associated with pair bonding in prairie voles, as mating does not induce a partner preference in the closely related, promiscuous montane vole (M. montanus; Dewsbury, 1987; Shapiro & Dewsbury, 1990) . The neural mechanisms underlying partner preference formation may include, but are not limited to, reward, memory formation, and sensory processing (Insel & Hulihan, 1995) . Because dopamine has been implicated in each of these mechanisms (Blackburn, Pfaus, & Phillips, 1992; Bozarth, 1991; Wise & Rompre, 1989) , we hypothesized that mating-induced partner preferences in prairie voles may be mediated by a dopaminergic process.
The present study was undertaken to examine the involvement of dopamine in the regulation of partner preferences in female prairie voles. We hypothesized that in voles, as in other rodents (Meisel, Camp, & Robinson, 1993; Pfaus, Damsma, Wenkstern, & Fibiger, 1995) , mating induces dopamine release, which in turn acts on a specific, receptormediated mechanism to regulate partner preferences. This hypothesis was tested in a series of experiments with dopaminergic drugs. In the first experiment, we examined the effects of a nonspecific agonist and a nonspecific antagonist on partner preferences. In the second experiment, we compared the effects of Dl and D2 receptor-specific compounds. In the third experiment, we investigated whether dopamine influences the formation or expression of a partner preference. In the fourth experiment, we tested whether dopamine acts on memory consolidation to influence partner preferences. Finally, we examined the effects of a dopamine D2 antagonist in the central nervous system on partner preference behavior. Together, these results suggest that dopamine is involved in the regulation of partner preference through a D2 receptor-mediated mechanism.
Method

Subjects
Subjects were sexually naive female prairie voles (Microtus ochrogaster) that were from the F2 generation of a laboratory breeding colony started with field-captured animals. After weaning (21 days old), subjects were housed in same-sex sibling pairs in plastic cages (20 X 25 X 40 cm) that contained cedar chip bedding. Water and food were provided ad libitum. All subjects were maintained on a 14:10-hr light-dark cycle with lights on at 0700. The temperature was about 20 °C. Subjects were housed until they were 70-90 days old before being assigned to each experiment.
Experimental Procedure
Dopamine regulation of partner preferences was examined in five experiments, all of which were based on the observation that female prairie voles that were mated for 24 hr consistently form a preference for their mate, whereas females that cohabited with a male for 6 hr without mating do not exhibit a preference (Insel & Hulihan, 1995; Williams, Insel, Harbaugh, & Carter, 1994) . Experiment 1 was designed to test whether the nonspecific dopamine agonist apomorphine induced a partner preference in the absence of mating or whether the nonspecific dopamine receptor antagonist haloperidol blocked a mating-induced partner preference. In Experiment 1A, sexually naive females were divided into four groups that received an intraperitoneal injection of either saline (n = 10) or 4 ug (n = 9), 50 jag (n = 10), or 100 ug (« = 10) apomorphine (in 200 ul saline per 40 g body weight), respectively. Immediately after the injection, subjects were paired with a sexually naive male for 6 hr while their behavior was videotaped to verify the absence of mating. After 6 hr, the male partner was removed and the female subjects were placed in a three-chamber apparatus for a partner preference test (see below). In Experiment IB, females were injected subcutaneously with 0.5 ug estradiol benzoate (EB) for 3 days, which successfully brought them into estrus. Sexually receptive females were then divided into three groups that received an injection of either saline (n = 6) or 0.4 ug (n = 6) or 4 ug (n = 8) haloperidol (in 200 ul saline) and were then paired with a sexually experienced male for 24 hr. The behavior was videotaped to verify mating and to investigate haloperidol's effects on sociosexual behavior. Thereafter, the male was removed and the female subjects were tested for partner preferences.
In Experiment 2, receptor-specific antagonists and agonists were used to define the receptor-mediated mechanism involved in dopamine regulation of partner preferences. In Experiment 2A, female prairie voles were first injected with EB (0.5 ug) for 3 days to bring them into estrus. They were then divided into three groups that received an injection of either saline (n = 10), 50 jag of the dopamine Dl receptor antagonist SCH23390 (n = 10), or 50 ug of the D2 receptor antagonist eticlopride (n = 9). Subjects were then paired with a sexually experienced male for 24 hr while the behavior was videotaped to verify mating. After 24 hr of mating, the males were removed and females were tested for partner preferences. In Experiment 2B, sexually naive females were divided into two groups (n = 10 per group) that were injected with 50 ug of either the Dl receptor agonist SKF38393 or the D2 receptor agonist quinpirole. After being housed with a sexually naive male for 6 hr without mating (confirmed by videotaped behavior), subjects were tested for partner preferences. The 50-ug doses (1.25 mg/kg body weight) of the Dl or D2 agonist or antagonist were chosen on the basis of previous studies examining dopamine effects on sexual behavior or on memory consolidation in rats or mice (Castellano, Cestari, Cabib, & Puglisi-Allegra, 1991; Castellano, Cestari, Cabib, & Puglisi-Allegra, 1994; Melis & Argiolas, 1995) .
Experiment 3 extended Experiments 1 and 2 to examine whether the D2 receptor antagonist affected the formation or expression (or both) of partner preferences. Females brought into estrus by EB injections were divided into three groups. In Group 1 (control, n = 7), females were injected with saline, mated with a sexually experienced male for 24 hr, and again injected with saline. In Group 2 (n = 9), females were injected with eticlopride (50 ug in 200 ul saline), mated for 24 hr, and then injected with saline. In Group 3 (n = 9), females were injected with saline, mated for 24 hr, and then injected with eticlopride (50 ug). Behavioral interaction between the female and the male partner during the 24-hr period was videotaped to verify mating. After the second injection, females were tested for partner preferences.
Because treatment with the D2 antagonist immediately after mating in Experiment 3 might influence both the consolidation of the social memory as well as sensory discrimination during the subsequent partner preference test, Experiment 4 was performed to test whether the D2 antagonist might influence partner preferences 24 hr after mating (presumably after memory consolidation). After 24 hr of mating, the females and the male partner were separated for 24 hr. Thereafter, subjects were divided into two groups that received an injection of either saline (n = 8) or the D2 antagonist eticlopride (50 ug in 200 ul saline; n = 8), followed by a partner preference test.
Experiment 5 was designed to test the hypothesis that dopamine acts in the central nervous system to regulate partner preference formation. Females were stereotaxically implanted with a 26-gauge guide cannula (Plastics One, Roanoke, VA) aimed to the lateral ventricle (Wang, Ferris, & De Vries, 1994; Winslow et al., 1993) . After 3 days of recovery, females received a microinjection of either artificial cerebrospinal fluid (CSF; 200 nl; BioFluid, Rockville, MD; n = 7) or 200 ng of eticlopride in CSF (n = 6), were mated with a male for 24 hrs, and were then tested for partner preferences. Microinjections were made with a 33-gauge needle that extended 1 mm below the guide cannula into the lateral ventricle. The needle was connected to a Hamilton syringe through PE-20 tubing. Plunger depression was done slowly, requiring about 10 s per injection. After behavioral testing, subjects received an injection of 2% india ink (200 nl), and staining of the ventricular system was checked to verify cannula placement.
All dopaminergic compounds were purchased from Research Biochemical (Natick, MA) and dissolved in saline (0.9% NaCl, VWR Scientific Products, Pittsburgh, PA) before each experiment.
Partner Preference Test
Partner preference was tested in a three-chamber apparatus as described previously (Williams, Catania, & Carter, 1992; Winslow et ah, 1993) . Briefly, the testing apparatus consisted of a central cage (20 X 25 X 45 cm) joined by hollow tubes (7.5 X 16 cm) to two parallel, identical cages, each housing a stimulus animal. The female subjects were free to move throughout the apparatus, and stimulus animals were loosely tethered within their separate cages and had no direct contact with each other. The familiar partner (the male that cohabited or was mated with the subject) and a stranger (a male that had not previously encountered the subject) were used as stimulus animals. The subjects were put into the central cage, and their behavior was recorded for 3 hr with a time-lapse video recording system.
Data Acquisition and Analysis
For the partner preference test, the following behavioral measures were recorded on a computerized event-recording system (The Observer 2.0, Noldus Information Technology, Wageningen, The Netherlands): (a) duration and frequency of the subject's side-by-side contact with either the partner or the stranger, (b) time that subjects spent in each cage, and (c) frequency of cage entry. Differences in side-by-side contact with the partner or the stranger within each treatment group were analyzed with a Mann-Whitney nonparametric test (because of nonhomogeneity of variance). Treatment effects on the time that subjects spent in each cage within each experiment were analyzed with a Kruskal-Wallis nonparametric test. Because dopamine's effects on partner preferences could be secondary to its effects on locomotor activity during a preference test, the frequency of the subject's entries into the partner's or stranger's cage was recorded and subsequently used as an index of locomotor activity. Treatment effects were analyzed with a one-way analysis of variance (ANOVA) followed by a Student Newman-Keuls (SNK) post hoc test.
Differences in partner preferences could also be due to treatment effects on mating or other aspects of social interaction between the subject and the male partner in the initial 6-hr or 24-hr exposure. Therefore, duration and frequency of mating and side-by-side contact between the two were quantified throughout the 6-hr cohabitation, or the first 6 hr for mating groups. These data were analyzed by a one-way ANOVA followed by an SNK test.
Results
Apomorphine-Induced Partner Preferences in the Absence of Mating
As expected from previous studies (Insel & Hulihan, 1995; Williams et al., 1994) , 6 hr of cohabitation with a male without mating did not induce a partner preference in female prairie voles. Control females (injected with saline) spent roughly equal time in side-by-side contact with the partner or a stranger (see Figure la) . Females treated with either 4 ug(Z= 3.31, p< .01), 50ug(Z=3.78, j p<.001), or 100 ug (Z = 1.97, p < .05) apomorphine spent more time in contact with the partner than with a stranger (Figure la) . These females also tended to spend more time in the partner's cage than did females injected with saline (see Table 1 ). Females injected with 50 ug apomorphine contacted the partner more, whereas females injected with 4 ug or 50 ug apomorphine contacted a stranger less than did females injected with saline. No treatment effects were detected in locomotor activity during the partner preference test. During the initial 6-hr cohabitation with the male, none of the females showed lordosis. However, relative to salineinjected females, females injected with 50 ug apomorphine spent less time in contact with the male.
Haloperidol Diminished Meeting-Induced Partner Preferences
As in previous studies , 24 hr of mating induced partner preferences in female prairie voles. Females
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Apomorphine Haloperidol Figure 1 . Effects of the dopamine agonist apomorphine and the dopamine antagonist haloperidol on partner preferences in female prairie voles, (a) After cohabitation with a male for 6 hr without mating, control (saline-injected) females had similar side-by-side contact with either the partner or a stranger in a 3-hr test. However, females injected with apomorphine before cohabitation spent more time with the partner than with a stranger, (b) Females mated for 24 hr had more contact with the partner than with a stranger, as did females injected with 0.4 jag haloperidol before mating. Females injected with 4.0 ug haloperidol before mating did not differ in contact with either male. *p < .05 and **p < .01, Mann-Whitney nonparametric test. Error bars indicate standard errors of the means. injected with saline and mated for 24 hr spent more time side-by-side with the partner than with a stranger (Z = 2.88, p < .01; see Figure Ib ). The partner preference was also observed in females injected with low-dose haloperidol (0.4 jag; Z = 2.24, p < .05) but not in females injected with high-dose haloperidol (4 jig; see Figure Ib ). Females injected with high-dose haloperidol also spent less time in the partner's cage relative to saline-injected females and had more contact with a stranger in comparison with the other two experimental groups (see Table 2 ). No treatment effects were found in locomotor activity during the preference test or in mating and social contact during the first 6 hr of mating.
Females that were injected with the Dl receptor antagonist SCH23390 and mated for 24 hr had more side-by-side contact with the partner than with a stranger (Z = 3.02, p < .01), as did the females injected with saline (Z = 3.70, p < .001; see Figure 2a ). However, females injected with the D2 receptor antagonist eticlopride showed similar amounts of contact with the partner and a stranger ( Figure  2a ). Eticlopride-treated females spent less time in the partner's cage than did females injected with either SCH23390 or saline (H = 6.48, p < .05; see Figure 2b ). No treatment effects were detected in locomotor activity during the preference test or in sociosexual behaviors during the first 6 hr of the mating period.
D2, but Not Dl, Receptor Antagonist Blocked Fanner Preferences
The dopamine receptor antagonist blocked matinginduced partner preferences in a receptor-specific manner.
D2 Receptor Agonist Induced Partner Preferences
In the absence of mating experience, females injected with the D2 receptor agonist quinpirole appeared to develop a partner preference, as they subsequently showed more Note. The data represent mean ± standard error of the mean. The subscript letters indicate group differences at the level of p < .05, based on a post hoc test following a Kruskal-Wallis nonparametric test (for durations) or analysis of variance (for frequencies), dur. = duration; freq. = frequency. side-by-side contact with the partner than with a stranger (Z = 3.36, p < .001; see Figure 3 ). A partner preference was not observed in females injected with the Dl receptor agonist SKF38393. A similar difference was also found in the time that females spent in each cage (data not shown). The two groups, however, did not differ in locomotor activity during the preference test or in social contact with the male during the 6 hr of cohabitation. 
D2 Receptor Antagonism Affected the Maintenance of Partner Preferences
Although the above results suggest that the D2 receptor antagonist blocked the formation of a partner preference without inhibiting mating, it is not clear whether the D2 antagonist affected some other aspects of the mating experience that might have precluded the female from developing a conditioned association to her mate. To investigate whether eticlopride's blockade of partner preference was due to effects on mating, we compared females injected with eticlopride immediately after mating with females injected with eticlopride before mating, as in Experiment 2A. Neither group of females showed a partner preference (see Figure  4a) , although, as expected, control females injected with saline had more contact with the partner than with a stranger (Z = 3.13, p < .01). Saline-injected females also spent more time in the partner's cage (H = 12.80, p < .01) but less time in a stranger's cage (H = 12.04, p < .01) compared with females injected with eticlopride ( Figure 4b ). No treatment differences were detected in locomotor activity during the preference test or in sociosexual behaviors during the first 6 hr of mating.
D2 Antagonist Did Not Block Partner Preferences After Memory Consolidation
The blockade of partner preferences by the D2 antagonist after mating may have been due to dopamine's effects on memory consolidation, sensory recognition, or both. To distinguish between these two mechanisms, females were injected with eticlopride (50 ug) 24 hr after mating, immediately before being given a partner preference test. Females treated with either eticlopride (Z = 2.31, p < .05) or saline (Z = 2.21, p < .05) 24 hr after mating displayed a partner preference (see Figure 5a ). In addition, both females spent more time in the partner's cage relative to the other two cages (H = 9.38, p < .01, for the D2 antagonist group and H = 7.61, p < .05, for the saline group; see Figure 5b ). No treatment effects were detected in either measure, suggesting that eticlopride could not block partner preferences if injected 24 hr after mating and that females injected with eticlopride could distinguish the partner from a stranger.
Dopamine Acts in the CNS to Regulate Partner Preferences
As expected, females injected intracerebroventricularly with CSF displayed mating-induced partner preferences, as they had more body contact with the partner than with a stranger (Z = 3.07, p < .01) and spent more time in the partner's cage relative to the other two cages (H = 14.5, p < .01; see Figure 6 ). However, females injected with the D2 antagonist eticlopride did not show partner preferences, indicating that administration of the D2 antagonist into the brain blocked mating-induced partner preferences.
Discussion
The prairie vole, a monogamous species in which mating induces pair bonding (Carter & Getz, 1993; Shapiro & Dewsbury, 1990) , was studied to determine whether dopamine influences partner preference formation.
Results from the present study demonstrate that dopamine acting via a D2 receptor is involved in the formation of partner preferences in female prairie voles. To our knowledge, this is the first study demonstrating a role for dopamine in social attachment in adult animals.
It is important to note that neither the dopamine antagonists nor the agonists (except for a single dose of apomorphine) altered females' behavior toward the male during the initial cohabitation period. In addition, none of the drugs affected locomotor activity during the preference test. These data suggest that the treatment effects on partner preferences were not artifacts of hyper-or hypoactivity, nor were they simply the residual effects of mating or social contact. Although there are previous results in rats demonstrating that female sexual receptivity can either be facilitated (Hamburgerbar & Rigter, 1975) or inhibited (Grierson, James, Person, & Wilson, 1988) by dopaminergic agents, our observation that administration of the D2 antagonist did not affect mating and that such treatment immediately after mating blocked the partner preference indicates that, in the female prairie vole, eticlopride's inhibition of partner preference formation cannot be due to an influence on sexual behavior.
On the other hand, our data are consistent with the possibility that mating is associated with activation of dopaminergic pathways, as the D2 agonist appeared to facilitate partner preference, mimicking the effects of mating. The notion that mating induces dopamine release is supported by extensive evidence that sexual activity increases dopamine release in rodents. In female rats, for example, the dopamine concentration in the nucleus accumbens, dorsal striatum, and ventromedial hypothalamus, measured by in vivo microdialysis, is significantly increased during sexual activity (Pfaus et al., 1995; Vathy & Etgen, 1989) . In female Syrian hamsters, mating induces a rapid elevation of dopamine release in the ventral striatum, and this dopamine level remains significantly above baseline during the entire period of exposure to a male (Meisel et al., 1993) . It has been found that even the sensory stimuli from a male without mating is enough to induce dopamine release, as the dopamine concentration in the nucleus accumbens is increased when female rats are exposed to a male that is separated from them by a wire-mesh screen (Pfaus et al., 1995) . In our recent microdialysis study in prairie voles, a 50% increase in extracellular dopamine concentration was found in the nucleus accumbens in females within 15 min of mating (Gingrich, Cascio, Liu, Insel, & Wang, 1998) . However, this increase was not found in females that were exposed to a male without mating, suggesting that mating may be essential to induce dopamine release for the regulation of partner preference.
What is the mechanism underlying dopamine's effects on partner preferences? Dopamine has been suggested to play an important role in the reward properties of diverse stimuli including drugs of abuse, appetitive behaviors, and sex (see review by Bozarth, 1991; Damsma, Pfaus, Wenkstern, & Phillips, 1992; Everitt, Cador, & Robbins, 1989; Wise & Rompre, 1989) . Everitt and others have previously demonstrated that sex serves as a potent reinforcer in rats. Not only do male rats work to engage in copulation (Sheffield, Wulff, & Backer, 1955) or to gain access to a second-order stimulus associated with copulation (Everitt et al., 1989) , but male and female rats also display mating-induced place preferences (Everitt, 1990; Oldenburger, Everitt, & de Jonge, 1992) . Dopamine is released during mating (Mermelstein & Becker, 1995; Pfaus et al., 1995; Vathy & Etgen, 1989) . Extrapolating from previous studies with rats, it seems possible that in female voles, copulation is a potent reinforcer. With repeated mating, an association forms between the rewarding or hedonic attributes of mating and the male partner, and dopamine released during repeated copulation may subserve this association at a neurochemical level. Thereafter, the male (or some sensory attribute of the male) is a conditioned stimulus that we have measured as a partner preference. The dopamine receptor blockade administered before mating might disrupt the associative process and decrease the rewarding value of copulation. Previous studies in rats have shown that the D2 receptors are involved in dopamine blockade of reward or reinforcement (Gallistel & Davis, 1983; Wise &Rompre, 1989) .
In the present study, injections of the D2 receptor antagonist after mating also impaired the partner preference, suggesting that in this case the blockade's effect was not on the formation of the association but on its consolidation or expression. There are many mechanisms by which eticlopride given after mating might block partner preference: inhibition of memory consolidation, impairment of sensory recognition, decreased neophobia, or simply sedation. The latter two possibilities can be ruled out because locomotor activity was not impaired and because we have previously demonstrated that neophobia is not a factor in partner preference formation . Olfaction plays an important role in the development of partner preferences in prairie voles (Williams, Slotnick, Kirkpatrick, & Carter, 1992) . In rats, odor discrimination is impaired by a D2 receptor antagonist (Wilson & Sullivan, 1995) , and treatment with a D2 receptor agonist increases the threshold of odor detection (Doty & Risser, 1989) . Therefore, it is possible that injections of the D2 antagonist after mating impaired the female's ability to distinguish the familiar partner from a stranger, and thus females spent equal amounts of time in contact with each male. This possibility can be eliminated by our fourth experiment, in which the D2 antagonist did not block partner preferences when subjects were treated 24 hr after mating but immediately before the partner preference test. Therefore, the most likely explanation is that eticlopride given after mating blocked consolidation of the social memory.
In our study, not only did the D2 antagonism block mating-induced partner preferences, but treatment of the D2 agonist induced this behavior in a pattern similar to that produced by mating. This effect of the D2 agonist could not be attributed to the effects on initial social interaction because no group differences were detected. One possibility is that the D2 agonist facilitated the memory formation for a partner by hastening the processes important for individual recognition, as previously reported for vasopressin and oxytocin effects in rats (Dantzer, Bluthe, Koob, & Le Moal, 1987; Dantzer, Koob, Bluthe, & Le Moal, 1988; Popik, Vetulani, & van Ree, 1992; Renelli et al., 1995) . This hypothesis is supported by the observation that the D2 agonist enhances odor detection (Doty & Risser, 1989) and that the nucleus accumbens, an area enriched with dopamine receptors, is implicated in social memory in rats (Ploeger, Willemen, & Cools, 1991) . Another possibility is that the agonist also acted on the formation and retention of an association, as suggested earlier for the endogenous dopamine effects. The prairie vole is a social animal (Carter & Getz, 1993) . Cohabitation with an opposite-sex individual, even in the absence of mating, might have generated some positive values not only because it provides a social environment but also because it induces a series of physiological and hormonal changes that eventually lead to estrus induction in female voles (Carter, Getz, Gavish, McDermott, & Arnold, 1980; Carter, Witt, Schneider, Harris, & Volkening, 1987) . The D2 agonist might act to facilitate an association between the male partner and this social reward. Surprisingly, in a preliminary study, apomorphine did not induce partner preferences in female montane voles, at least at the same dose that induced partner preferences in female prairie voles , indicating that dopamine's effects on partner preferences formation are specifically associated with monogamous pair bonding in voles.
Our data suggest that dopamine is involved in the regulation of partner preferences by acting on a D2 receptormediated mechanism. Although the Dl receptor agonist and antagonist did not influence partner preferences in the present study, the possibility that Dl receptors are involved in the regulation of this behavior cannot be completely ruled out. Dopamine's effects on behaviors are dose dependent (e.g., sexual behavior; Melis & Argiolas, 1995) . It is possible that a higher or lower dose of the Dl receptor agonist or antagonist might have effects on partner preferences.
If mating induces dopamine release and if released dopamine acts on reward-memory pathways to induce a partner preference, then why do promiscuous species such as rats, hamsters, or montane voles fail to pair bond after mating Shapiro & Dewsbury, 1990) ? Several possibilities exist. First, mating may induce dopamine release in a species-specific manner. In previous studies, mating induced central vasopressin release in monogamous male prairie voles but not in promiscuous male voles, suggesting that mating may have different neural consequences in monogamous and nonmonogamous voles (Bamshad, Novak, & De Vries, 1994; Wang, Smith, Major, & De Vries, 1994) . Second, species may differ in their behavioral responsiveness to released dopamine, especially if they differ in dopamine receptor distribution or affinity. For instance, prairie and montane voles differ in the regional expression of oxytocin and vasopressin receptors in the brain and in their functional responses to these peptides (Insel & Shapiro, 1992; Insel, Wang, & Ferris, 1994) . A third possibility is that if dopamine interacts with other neurotransmitter systems to regulate partner preferences, species differences in the second neurotransmitter that is positioned either before or after the dopaminergic neuron may account for differences in behavior. It is known, for instance, that dopamine and oxytocin interact to regulate penile erection, yawning, and grooming in rats (Argiolas, Melis, & Gessa, 1988; Drago et al., 1986; Melis, Argiolas, & Gessa, 1989; Stivers, Kaltwasser, Hill, Hruby, & Crawley, 1988) and that oxytocin is also involved in the regulation of partner preferences in female prairie voles (Insel & Hulihan, 1995; Williams et al., 1994) . Finally, relative to rats and mice, prairie voles exhibit a much higher number of copulations over a 24-hr period. Although prairie voles and montane voles are similar in mating frequency (Insel & Hulihan, 1995) , they differ in specific components of sexual behavior. Prairie voles display a slower rate of intravaginal thrusting and need fewer ejaculations to reach satiety than do montane voles (Dewsbury, 1973; Dewsbury, 1975; Gray & Dewsbury, 1973) . The vaginal sensory mechanism plays an important role in reward (Oldenburger et al., 1992) . Speciesspecific patterns of sexual behavior may impact the subsequent processing of motivated behaviors. These scenarios, as well as the action sites of dopamine and the interaction of dopamine with other neurotransmitter systems in the regulation of partner preferences, are under investigation in our current studies.
